This study was conducted to evaluate fluoride contamination in ground water of the central part of Nagaur district where ground water is the main source of drinking as well as irrigation. Samples from hand pumps and tube wells of forty four stations were analyzed during the summer session with the help of standard methods of APHA. The analytical results show that eleven ground water samples are unfit for drinking purpose. A map has been prepared using an inverse distance weighting method which shows the fluoride concentration in the study area. The maximum concentration was recorded in the Sirsi village while the minimum was found in Sabalpura.
Introduction
Water is very vital in nature and can be a limiting resource for men and other living beings. Without a well functioning water supply, it is difficult to imagine a productive human activity be it agriculture or livestock. The quality of water is of almost importance of quantity in any water supply planning. Water quality is influenced by natural and anthropogenic effects including local climate, geology and irrigation practices. In the world, around 200 million people from 25 nations have greater health risks, with high fluoride in the drinking water [1] . Vari-ous workers in our country have carried out extensive studies on water quality with reference to the fluoride concentration [2] - [8] .
In Indian continent the higher concentration of F − in groundwater is associated with igneous and metamorphic rocks. Some anthropogenic activities such as use of phosphatic fertilizers, pesticides and sewage and sludges, depletion of groundwater table etc., for agriculture has also been indicated to cause an increase in F − concentration in groundwater [9] [10] . According to WHO (2006) , the permissible limit for F − in drinking water is 1.5 μg/ml. In India almost 60 -65 million people drink fluoride contaminated groundwater and the number affected by fluorosis is estimated at 2.5 to 3 million in many States, especially, Andhra Pradesh, Bihar, Gujarat, Madhya Pradesh, Punjab, Rajasthan, Tamil Nadu and Uttar Pradesh [11] - [20] . The first case of endemic fluorosis in the country was reported as long as 1937 in the Prakasam District (erstwhile Guntur District), Andhra Pradesh [21] . WHO (2004) has laid down a limit of 1.5 mg/l fluoride in drinking water [22] . This maximum limit protects tooth decay and enhances proper bone growth. In India, safe limit of fluoride in potable water is between 0.6 and 1.2 mg/l [23] . Lower limit of fluoride (<0.6 mg/l) than that of the prescribed limit (0.6 mg/l) causes dental caries, while the higher limit of fluoride (>1.2 mg/l) than those of the recommended limit (1.2 mg/l) results in fluorosis. Rajasthan is the largest state in India is having 342,239 km 2 area with a relatively low population density, i.e., 165 persons per square kilometer. According to physiographies divisions, the north and western part of the state is under the Great Plain of north India, while south and middle as well as eastern part is classified under the Peninsular Plateau. In the state, Thar Desert occupies about 61% of the total area. Groundwater is a major source for drinking and domestic and irrigation purpose [24] . Nagaur District is located at latitude 26˚25' to 27˚40' N and longitude 73˚18' to 75˚15' E. Its average elevation is about 300 m, ranging below 250 m in the south and 640 m in the north. There are 1396 habitations in the district. The main lithological units include gneisses, schists, granites, quartzites, phyllites, and limestones belonging to the Bhilwara and Delhi Supergroup of rocks of Archaean and Proterozoic ages, respectively. Although groundwater occurs mainly under water table condition in all the formations, the quaternary alluvium forms good aquifers in Nagaur District. In the hard rock terrain, the occurrence and movement of groundwater are controlled by secondary porosity such as fractures, fissures, joints, foliation, etc. A bibliographic survey has also shown that no studies have been undertaken in the district for assessment of the F − concentration in its groundwater. This study was, therefore, undertaken to investigate the quality of underground drinking water of the central part of Nagaur district of Rajasthan, India in respect of F − concentration. These minerals are commonly associated with the country rocks through which the ground water percolates under variable temperature conditions. Besides these minerals, alkali rocks, hydrothermal solutions may also contribute to higher concentration of fluoride in groundwater. Robinson and Edington (1946) reported that the main source of fluoride in ordinary soil consists of clay minerals. The weathering and leaching process, mainly by moving and percolating water, play an important role in the incidence of fluoride in groundwater [25] . When fluoride rich minerals, which are present in rocks and soil, come in contact with water of high alkalinity; they release fluoride into groundwater through hydrolysis replacing hydroxyl (OH) ion. The degree of wreathing and leachable fluoride in a terrain is more important in deciding the fluoride bearing minerals in the bulk rocks or soil. Due to weathering of rocks the Ca-Mg/carbonate concentration which form in arid and semi arid areas appears to be good sink for the fluoride ion [26] . While fluoride is present in air, water and food, the most common way it enters the food chain is via drinking water.
Material and Method
Groundwater samples of 44 habitations located in the Nawa block of Nagaur District were collected in precleaned polyethylene bottles following standard sampling techniques. The fluoride concentration in water was determined electrochemically, using fluoride ion selective electrode [27] . This method is applicable to the measurement of fluoride in drinking water in the concentration range of 0.01 -1000 mg/l. The electrode used to be an Orion fluoride electrode, coupled to an Orion electrometer. Standards fluoride solutions (0.1 -10 mg/l) were prepared from a stock solution (100 mg/l) of sodium fluoride. As per experimental requirement, 1 ml of total ionic strength adjusting buffer grade III (TISAB III) was added in 10 ml of sample. The ion meter was calibrated for a slop of −59.2 ± 2. The composition of TISAB solution was 385.4 g ammonium acetate, 17.3 g of cyclohexylene diamine tetraacetic acid, and 234 ml of concentrate hydrochloric acid per liter. All the experiments were carried out in triplicate and the results were found reproducible with ±2% error. July 2014 | Volume 1 | e546
Preparation of TISAB-III
Take 250 ml de-ionized water and add 234 ml of concentrated hydrochloric acid. Add 385.4 gm of Ammonium acetate. Add 17.3 gm of 1, 2-cyclohexylene-diaminetetraacetic (CDTA). Stir to dissolve and cool at room temperature. Make it up to 1000 ml.
Procedure
1) Calibration of instrument: Prepare a series of standards over the appropriate concentration range (0.1 mg/l, 1.0 mg/l and 10.0 mg/l) Calibrate the instrument to obtain −59.2 ±2 mv slop.
2) Take 10 ml sample add 1 ml of TISAB III and measure fluoride concentration.
Spatial Distribution of Fluoride Using Inverse Distance Weighted Method
Geographic Information System (GIS) is a computerized data based system for capture, storage, retrieval, analysis and display of spatial data. GIS is a general purpose technology for handling geographic data in digital form, and satisfying the following specific needs, among others. The Inverse distance weighted (IDW) interpolation explicitly implements the assumption that things that are close to one another are more alike than those that are farther apart. To predict a value for any unmeasured location, IDW uses the measured values surrounding the prediction location. The measured values closest to the prediction location have more influence on the predicted value than those farther away. IDW assumes that each measured point has a local influence that diminishes with distance. It gives greater weights to points closest to the prediction location, and the weights diminish as a function of distance, hence the name Inverse distance weighted
Result
Fluoride concentration in groundwater of 44 habitations of Nawa block was examined. All the habitations were categorized according to following concentration range ( Table 1) Figure 1 . Figure 2 shows the no. of villages and their fluoride concentration range as per divided categorization. Fluoride concentration ranges from 0.4 to 5.9 mg/l. The minimum concentration was recorded in the Sablpura village while maximum concentration was recorded from Sirsi village (5.9 mg/l). It is clear from Figure 2 that the maximum villages belong to the concentration of below 1.0 mg/L. The present investigation reveals that 19 habitations (43%) fall in category I .in which fluoride concentration is below 1.0 mg/l, a maximum desirable limit of standards for drinking water recommended by who. There is no possibility of fluorosis in these habitations because this concentration of fluoride is beneficial for calcification of dental enamel especially for children below 10 years of age. Once fluoride is incorporated into teeth, it reduces the solubility of the enamel under acidic conditions and thereby provides protection against dental carries. Out of 44 habitations of Nawa block, 14 habitations (32%) have fluoride concentration between 1.0 and 1.5 mg/l and fall in category II. The maximum permissible limit of fluoride in standard for drinking water is 1.5 mg/l who. In 32% population of these habitations, fluoride intake through drinking water is more than 4 mg/day in an individual. Therefore, an incidence of first and second degree dental fluorosis is possible in local residents of these habitations. About 17% of the population of 4 habitations (16%) consumes water with fluoride concentration between 1.5 and 3.0 mg/l, which is above the maximum permissible limit as recommended by who. Therefore, dental fluorosis is common in these habitations. At this concentration, the teeth lose their shiny appearance and chalky black, gray, or white patches develop known as mottled enamel [28] . In four habitations (9%), fluoride concentration in groundwater is above 3.0 mg/l and below 5.0 mg/l, and this fall in category IV. The intake of fluoride per day by an adult in these habitations is very high. About 6% population of these habitations may have all degrees of dental fluorosis (mild, moderate, moderately severe, and severe fluorosis) including skeletal fluorosis after 30 years of age. However, the probability of second stage skeletal fluorosis age may be more common after the age of 45 [29] . In the entire survey, Sirsi was the only vil-July 2014 | Volume 1 | e546 lage that falls in category V, which contributes 1% population of Nawa block. In this village, fluoride concentration is above 5.0 mg/l, which may result in all types of fluorosis among inhabitants. In the second clinical stage, the affected persons may have pain in bones, which causes further calcification in ligaments. A detailed survey of health hazards particularly fluorosis-induced symptoms and empirical data on affected population are required in Nawa.
Conclusions
The lack of resources and low-cost efficient technology acceptable to the affected populations restrict the development of an effective fluoride and fluorosis control and prevention program in developing countries.
• Provisions of alternative water sources such as the delivery of water from low fluoride sources have also been considered for fluorosis prevention strategies.
• Construction of piped networks for the purpose of potable water.
• It is suggested that the sources of municipal water supply must be established in a region where adequate levels of fluoride have been observed.
• One more way to avoid excessive fluoride intake is rainwater harvesting. The dilution of high fluoride water with rainwater will make small amount of rainwater to last long.
• A public health programme should be designed by taking into account all the fluoride sources, including dietary fluoride.
